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Abstract: [Purposes] As an important error source in pseudo-range observation and carrier phase
observation, multipath effect seriously affects the precision of single point positioning in complex envi-

ronment. Multipath hemispherical map (MHM) is a of making use of the spatial repeatability of mul-
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tipath signals to construct multipath models and suppress multipath effects. This model needs to mod-
el multipath errors around the receiver for real-time correction of multipath on subsequent observation
days. The improvement of the MHM model lies in the accuracy of multipath correction by reducing
the area of the grids. Howeven, the calculation cost is increased and the number of residuals in many
grids is too small, resulting in the limited reliability of the residual mean results. To solve this prob-
lem, the Dynamic Multipath Hemispherical Map (D-MHM) with two modeling processes is pro-
posed. [Methods]In the proposed D-MHM model, the residual threshold was set to ensure adequate
residual quantities. According to high—precision results obtained from higher—-resolution grid model-
ing, in the second modeling, a lower resolution grid was used to model the unmodeled region that
does not meet the threshold value, so as to avoid the problem of the decrease of the multipath correc-
tion rate owing to the missing correction value of the corresponding grid. In this paper, the process of
extracting multipath residuals from observations was explained. Then, the influences of grid resolution
and other parameters on D-MHM modeling effect were explored. At last, its multipath correction ef-
fect was evaluated. [Results] The experimental results show that, compared with MHM, the D-
MHM model can improve the performance of multipath correction rate by about 7.7%. The position-
ing accuracy of east, north, and up can be improved by 8.1%, 5.6%, and 6.7% , respectively. This
method is also valuable in the fields of signal environment detection around the receiver and seismic
wave monitoring.

Keywords: GNSS; precise point positioning; multipath effect; residual threshold; dynamic model
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Table 4 Positioning errors’ RMSE in E, N, and U
it [ B2 (A w2 w2 (R
REEIE 0.082 3 0.065 5 0.124 4
MHM 0.0614 0.052 2 0.0935
D-MHM 0.056 4 0.049 3 0.087 2
RTHE I/ % 8.1 5.6 6.7
4 Hip

AR SCH] T PPP 3 AR M GNSS #5 % A1 037 5% 22 v
BRI E AR 18— PR 242 25 (0] 5 2 PR 4 o
HEAT Z2 42 40 3 1 3h 28 2 % AR 2 K BR IR BE L (D-
MHMD) . £ X Z 725 5 gL {45 1o AR 0] 4l

Gy WAL 125 A, ) G T2 it B b i 3% 2%
Bl R AT R 5, B T @A A, R UE T A AR
ST B AT SR . TR B O A T ok
BER b B, 7E R B — U AT i G B 22 AR I A Y
fith =, 38 3 2 25 R IS 1 43 B R 6 R R XI5
HEAT AT E LR TIE ARG A (] ) TR
(7 35 M B S 2 SR AR B SR A I A ) B
B 2 150 R S5 A AR KB 25 4R, D-MHM A5 Al
[ 22 48 A% 1E R 55 R 4G A9 MHM B2 &L o] L4 T 24
7.7 HEAR G VR A T B AR B R A
H AT TF8.1%,5.6%,6. 7%, LA B £
M . ASBIE ST AT LA TR T R A S E
fRORG BE | [ B B T D-MHM #5575 5 g 45 35 oL ) Fl
M) Z R BT, WIS 5 B M sh 484k, W b B if
A LA TE $b 57 7 W 0 25 A R 8t 5 B 7 A R

S % ik :
[1] M, Ak MR IR 4 FH SG M g I Ui Ak GNSS-R A 2 [J]. B 505 8 TR R 22431, 2022,16(2) : 270-278.

[6]
[7]

[10]

[11]

SUN B, WANG X Z,CHEN F,et al. Optimize GNSS-R tide level inversionvia Savitzky-Golay smoothing filering[J]. Joural
of Nanjing University of information Science & Technology,2024,16(2):270-278.
Wioow . 63 TR SRS HE R BTk PR LT]. 22441, 2010, 1CD  1-6.
YNAG Y X. Progress, contributions and challenges of the BeiDou Satelite Narigation System [J]. Acta Geodaetica et Carto-
graphica Sinica,2010,1(1):1-6.
ZUMBERGE J F,HEFLIN M B, JEFFERSON D C, et al. Precise point positioning for the efficient and robust analysis of
GPS data from large networks[ J]. Journal of Geophysical Research Solid Earth,1997,102(B3) :5005-5017.
PSIMOULIS P A,HOULIE N,BEHR Y. Real-time magnitude characterization of large earthquakes using the predominant pe-
riod derived from 1Hz GPS datal J]. Geophysical Research Letters,2018,45(2) :517-526.
ZHENG K,ZHANG X, LI X, et al. Capturing coseismic displacement in real time with mixed single— and dual-frequency receiv-
ers:application to the 2018 Mw?7. 9 Alaska earthquake[ J]. GPS Solutions, 2019,23(1):9.
KL IR T LKA % ) 5 GPS JRFL S Ok (ML dbsg 4 ikt 1999.
HOFMANN-WELLENHOF B, LICHTENEGGER H, WASLE E. GNSS-global navigation satellite systems: GPS,
GLONASS, Galileo,and more[ M ]. Austria: Springer Vienna, 2008.
JEl e 0, W R, R AR AR AF L HVE J5 ik 78 GPS 2 AR RO WF 5 b 9 0 JH (], R b 0 4k 5 3 Bk 3 Jg 4%, 2007, 27 (1)
107-111.
ZHOU X W,DAIW J,ZHU J J, et al. Hvfmethao and ITS application in the study on GPS multipath effects[ J]. Journal of Ge-
odesy and Geodynamics,2007,27(1):107-111.
COHEN C E,PARKINSON B W. Mitigating multipath error in GPS based attitude determination[J]. Guidance and Control,
1991:53-68.
FUHRMANN T,LUO X,KNOPFLER A, et al. Generating statistically robust multipath stacking maps using congruent cells
[J]. GPS Solution, 2015,19(1):83-92.
DONG D, WANG M, CHEN W, et al. Mitigation of multipath effect in GNSS short baseline positioning by the multipath
hemispherical map[ J]. Journal of Geodesy,2016,90(3) : 255-262.
GENRICH J F,BOCK Y. Rapid resolution of crustal motion at short ranges with the global positioning system[J]. Journal of
Geophysical Research: Solid Earth,1992,97(B3):3261-3269.
CAIM M, WEN C,DONG D, et al. Reduction of kinematic short baseline multipath effects based on multipath hemispherical
map[J]. Sensors,2016,16:1677.
ZHENG K, XIAO H, PAN L, et al. Multipath extraction and mitigation for high-rate multi-GNSS precise point positioning
[J]. Journal of Geodesy, 2019,93(10) :2037-2051.
WANG Z R, WEN C,DONG D, et al. Multipath mitigation based on trend surface analysis applied to dual-antenna receiver



364 KJF B TR 2% 2% i %57 &

with common clock[J]. GPS Solutions, 2019,23(4) : 104.

[16] WANG Z,CHEN W,DONG D, et al. An advanced multipath mitigation method based on trend surface analysis[J]. Remote
Sensing, 2020,12(21):3601.

[17] 7ZOU X,LIZ,LIY,et al. A novel method to mitigate the multipath error for BDS-2 dam deformation monitoring[ J]. Remote
Sensing, 2021,13(9):1787.

[18] RENH X,LIG C,GENG J H,et al. Multipath hemispherical map model with geographic cut-of elevation constraints for real-
time GNSS monitoring in complex environments[ J|. GPS Solutions, 2023,27(4) :188.

[19] YUANH J,ZHANG Z T,HE X F,et al. Multipath mitigation in GNSS precise point positioning using multipath hierarchy for
changing environments[ J]. GPS Solutions, 2023,27(4) :193.

[20] LEHMANN E,ROMANO J. Testing statistical hypotheses[ M ]. New York: Springer, 2005.

(mi. 1



